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ABSTRACT: 



PURPOSE: To obtain structure wherein the distribution of 2DEG in 
a channel 

layer Is prevented from concentrating in the vicinity of the hetero 
intsrfsc© 

with a doped layer, and at the same time, the channel layer to which 
strain is 

applied can be thinned, in a pseudomorphic HEMT. 

CONSTITUTION: In N-lnAIAs/lnGaAs pseudomorphic structure 
grown on an InP 

substrate 1, an InGaAs spacer layer 4 whose In composition is less 
than an 

InGaAs channel layer 3 is inserted in an InAIAs/lnGaAs hetero 
intsrfsc© Th© 

In composition of the InGaAs channel layer 3 is 0.80 to improve the 
mobility in 

the channel layer. The In compositions of InAIAs layers of a buffer 
layer 2, a 

spacer layer 5, and a doped layer 6 are 0.52 for lattice matching with 
the 

substrate. The In compositions of the InGaAs spacer layer 4 and the 
InGaAs 

layer of a cap layer 7 are 0.53 for lattice matching with the substrate. 
Thereby the distribution of two-dimensional electron gas is controlled, 
and the 

mobility can be more improved. 
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IM^JSl] I nGaAsBfc I nAl Aset<?)A. 

±mi nGaAs«<OI nffl^±fBI nA 1 As^cT) 
I nm&XOhiz^\.^mkt^tl. ±121 nGa 

AsMt I nA 1 Asmtifimth'^Tum^miz^ 

±SI nAl AsSiOI nffl^tUff^U^I nfi^^ 
^InGaAsW, i>l>((^J±±IBI nGaAsflcOI 
nffl^J:0t>/h3VU nfi^^j^I nGaAsffl*ilf 

[|g*«2] I nAI As/I nGaAs's.xO^^ 
(0 In G a A s,llilK»l£$*iS 2<ji5c«^^;irx^|^ 
^fc LT, Z<D2d;jcM'fif:x.f\l nA 1 As K-r« 

J:£2<JC7t;m^:»yx<^jfe$itS I nGaAsf-^:t^A' 
MtOI nffl^. ±ai nA 1 AsK-rJi<^I D«A 

±EI nGaAs-?-v:^;l'Jifc I nA 1 As H~r«fc 
A^^S'^XO*®. ftSV^ttl nGaAs^A-^f/l^S 
fc I n A 1 AsX^—^mtim-^6^7-ti^miZii^ 
hf.I nA 1 As F— TScOI nfflifitJiS^UlU n 
ffifS^^I nGaAs^. ^gV^t^Lb^I nGaAs 
I nffl^i 0 t/h$V> I nffl^^ JtO I n 

[iS*53] I nGaAsflfcA 1 GaAsflkiO^ 

±Si.l nGaAsSilA 1 GaAsat*sgJ-tSA.xD 
S^*Hfc. I n G a A s««D I ntfjatJ: "5 fc/hS 
nffl^^l^ I nGaA s@i6^A$fLTV^Sifc 

[iil*«4l AlGaAs/InGaAsA^roS^ 

CO I nGaAs«ftlcm$ixS2<Jt7nS^^;<rx$-|a!l 
flfc LT. .I«2<5DC^^^;{fX^A 1 GaAs H—TS 

±£I nGaAs^-v:^;kJltAlGaAs K-T^i: 
fcSV^ttl nGaAsf-^':*.;kJi 
fc A 1 G a A s X'^.-^m fc S'\xn^ffi{C{±. 
±^1 nGaAsf-v^^yPSOI nffl^ J; 0 t'h^ I 
nfflj£?rl#OI nGaAsa*SjfA$tlTV^I.^tS:!Hf 

mb-rhn.mmYvy'jx9. 

[OOOIJ 

wm^UfmL^zm. m>.z2d^\,zm-\t^fd-zm^i 
m^^hnwi-mimMm^i^vyy'jxs (hemt) 



[0002] 

im<rmk^ h'jyjxi^ffmmi^hntt^iizit. X 

-fS. ^<7)raSS:»?gtl^-S./tJ6{C. GaAs^^MS 
<osv^?J2rfflv\ 2»5cm^^;<f:^ (2DEG) 
10 Jifc LTfflv^SB«^^Sm*S»ab 7^ v':^^ ( H 
EMT) i^^t>ftX\^h. 

.[0 00 31 HEMTti^^^cO^-fSfl (f-^*/!' 

«) fc«^*«i&i-5® ( H-7-«) fc2-s=ars«frc 

^^!l*tJ:oT2}X7n«^;<fxfc LTffltS^'^^iSJt 
H-TSrtW K^->PM!Hllfc ^ fc . 

m^iJcai&/hs<i-s::fc*«tr#s. tst. iscas:$ 

^>{=/h^ <-rs^^tf>t, K-T«fcf-^:*.;I^Hfc«c 

[00041 ClOHE MTC0iStt|g^l:<:7)'t«>tl±^^* 

f-v:f;kS<?)««fc LT. GaAsiOtMtC^^i?) 

nGaAsS-fflV^SClfcA^lSjttStlTV^S. 4:^ 
I nGaA s^^^)Vmizm.:^^iy^^ H-T«<Oft« 
tLTti, AlGaAsft^V^m nAI As*53ai^tl. 

[00 0 51 ClCl-C. I nGaAsJil nCO^^r* ( I 

niffliR) iimx^'^ht^ ^tnz-otixmim)m<^j: 

x^'<0fttttEfls&«^<5.*iSC:fcfc^rS*«, i nfiift*^ 

5r (PseudoBorphic ) ttffi-rtSAlS^i&ff-^fcPSeiidoK) 

rphic HEMT*saa$*l.TV>-&. CixJi. 

bm£tii»)h~^mmxi>tni. 

S«ft*»Tsrig-CJ> 1. 1 V ^ d fflffl Lit t <0-CJ) I. . 
40 ^cotcoii. ^^^;WJitf)l nia«&:^§< L« H-T" 
m<Oi na)S5^-e<iJ:0/hSv^t,<ofc-fSC:fctcJ:»). 

I nGaAs^A-^^-ZPSfc K-rMfcc7)^<y F^-v -yT 
(r>mi±^ < fc Si fc *«f ^ . -eixt J: 'om'fmbbW} 

mizmLx§'<(/)mf-mtzif)&zbi}^x^. m 

[0006] 

50 ixhm.'f-i[-p<mmzi.'>xm^,mFmm:mm 
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( 2DEG) <7)^^ii^:LUf^ yXf— &t!rtr§^ 

[0007106 {iSa^cOfltiaWPseudoaorphic HEM 
TOdfT^yJ^^/WBtti: 2 D E G<^*«tHIGe*-C*» 

a. =5:iJ, (^«)ifctT{i. m&minpm&ii. 

n A 1 A s>N' y 7 r« 2 Sr . y 7 2 fcit LTJp^ 
I n a«Jt8 O^tfJInGaAsf-^r 

CO I n A 1 A s X^—^m 5 . Yi—^m»t^ K-T $ 
nffl^5 2%<DnfflI nAlAsH-7'®6, 
K-7-ao^^fcfi&-it«!^v:tf)C0 1 njmit 5 3 %c7)nM I 
nGaAs^^yT«7 7!f«*SBli^*SiXfcfitja«Pseudo 
■Orphic HEMT^fflV^TV^^. 
[00 08] H636i»<3*)**'6 idt. Pseudomorphic H 

JaTJi. ^^^/WS ( I nGaAs ) 3«iKx>'i^^/l' 
[0009] -^r, K-rS ( I nAl As) 6rtWJ 

^VTSrttssb. ^^^)vm3i^<r>vf(izif~^y 

:hizXhfmi:ll(.tXtZkiz^t. Ltiij^-yX. U*<o 
Vi—^mnzj&.':S<iz-:>1xXX O:*:^ v^lSSSL^SttS 

[0 0 10] PseudoBorphic HEMTTJi^ir^- 

t>r>fzmnmmifim<^j:hi^':>timzmhhm:^im< 

[0011] ^Ta*iBftififc:m^36*«'1^5|5ISS-J» 

«&ED90-1 1 5tffi&$*fCV^SioK:. i-^^ 
;Hrtfc:ffito-CSv^l nAsBS-WAL, InAs36«I 
nGaAs }cMLZ^<y y T*>'vh$ l^Cl i: Srfflffl 
LT 2 D E G<0^)-^B&'VTn|ffflA^<i>^il/v! i; ^-^te 
a$ii:S#ffiA«&&. L*»t. InAsJlInGaAs 



[00121 ^^i±SS[^mi>zm!^^j:^tLtzij<0'Ch 

^JlelSiiiOPseudonQrphic HEMTlgjStieSt^Jran 
f-A':^';Wirt<02DEGtf>i^^&*«H-7'lfc<^r 

[00131 

[iSBBcoat^i -e^T. ^mmi^i±. v-rm 

ntf^^i!'^^r< Lit I nGaAsa OjlTI nGaAs 

x^~^mtm^) inx-tmrni^ti::. inG 

a A sBc^ I nffl«Sr^^r<-tS k^-<!0>'^> b'^-r >yT 
JJ±^<'5:Si'tr*. I nGaAs;^'<--»^B<O^N'yb'^ 

^a^*W3fi. ^wMzm=HfiM'^h(om± 

-C^t.ttz. I nGaAslcOI nffl^&i!^^:<^S 
[00 141 t^i)^., *^tJ:<X«J, I nGaAs 

x^-^m Sr'^xP^iiiCjf A-r S <! i: t i •) . 

kV^d 20<^^^I^mca«LfeHEMT^igfiW& 

30 [0015]*«cWWi. InGaAsSklnAlA 

I nGaAslcOI nffl^Srl nAl AsflOI n 
iffllSJ;0(>:*;#vvfiKSi:L, minGaAsfl 
1 1 nAl AsJgi:3{(<«^S'^xO«f##fflfc. JJBI 
n A 1 A s^iT) I nffijSktJJJ^LV-* I n«lj£J#0 1 
nGaAsl. J>&V^(i±Kl nGaAsScOI ntt^ 
iOt-'hSV^I nffl^&j^I nGaAsB^ffAtit 

[00161 ^Lx. ^ms.m^'^timm^hyyi^ 

40 X^li. I nAl As/I nGaAs^xngf^cOI n 

T. .rc02<jC7cS^)!rx^I nA lAsY-TMtitL 
XV-X- KW>^ffi<kO^^Ur^fl«&L. i[2<^ 

7iMf-i!fx<7)m=mtii'y-hmmzma^iitmmz 
Xr>xfmthmmimh^y'jxifxh'>x. imz 

WiMFf-ifxcm^^ ttSInGaAs^-V I 
na^. JJBInAlAsK-rfiiOIniH^iOi 
:;it#VvflKtk$n. iS^^ m.1 nGaAs ^•v^l'^Pfl 
fc I nA 1 As H-rBt*««1-?.^TP^ffi, hh\,^ 
50 ttInGaAsf-^:f;l/Si:I nAlAsX'^.-lfWi: 



5 

*5»-rSA.TnffBWi. ±fil nA 1 As K-rScO 
I nfflj£fc«»3f^U^I nm^i^l nGaAsJf. 
*SV^JiJ:MI nGaAsf-^^t'/I^WiOI ntf£J:>7i 

I0017]^fc, I nOaAslkA 1 GaAs^fc 

GaAsSkAl GaAsSkJtPft-tS'VTnSc^SfS 
±ElnGaAsa<^I 0 M^SVU nfi 

jS^^fO I nGa A sJiS-jfALfcC: k S-ltSlk LTV^ 

[00 181 -ett, *S«^JBV^fc«^f^h^yi'' 
X^»4. A 1 GaAs/I nGaAs'^T^aSf^cOI n 

GaA sfmizmm^tii 2dM'ftf:^imbmk l 

Z<r>2WiM.'fif^'^A 1 GaAs H-TB^tft-L 

nGa As^^:f-;Hfc A 1 GaAs Y-rMbifiiStt 
t^T-oS^M. i)SV^{4I nGaAsf-^r*;l'Bi:Al 
GaAsX'<-1?-®k3&^i-S'^rD5fffit«> ±SI 
nGaAsf-\':f;H(7)I nS^J: 0 t>'h^V> I nffl^ 
I nGa A s«*qf A^ix-CV^&^k Sritat L 

[0019] *||HB{- iiitf , fi^JftcOPseudoiiorphic H 
E MT ^ i OSttlgt. **^Wvvffl«Stt*»^ J: o CeSt 

[0020] 

0 1 ttt I n G a A s «^ f-Y-^/l^WtfflV^fc^^BBC: 

ihUEMTmrnmrnt:^. aitfev^-c. *ife 

ig1t^l±{;. >'N'y7rB2, I nGaAsf-^:f;l' 
S3. I nGaAsX^-- 9-fl4. X'^.-I^-SS. F- 

{4MB Eft&SV^JiMOC VDSfcTJiiJS^^'C^ 

8, y-x®ffiiok, i^B'/h^-mm-chty-h 
[0021] J^flBttfev^T, v-rme ttrin 

AlAs^fflV\ I nAl As/I nGaAs'^f afi! 

»B^lllS6W<0«KfllJS^*t, InGaAs^^^ 

I nA 1 As^H-rStcfflV^TV^I,. * 
•f. 02{c:SrrJ:9fc^NeStt<oi nP^litMB 
E^SrfflV^TIBiR. InAlAsA'7 7rJi2i&m 
IflOOnm. I nGaAsf-^r^/WS3J 1 6nm. 
I nGaAsX';.— ^f84^ 4 nm, InAlAsX'^ 
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— -^-SS^Snm, I nAl As F— 7°B6i&5 0n 
m. teit^f I nGaAs^^«y7"S7^5nmtT|ga 
ClCl-r. df-vUTttl&fflkOInAlAsK 
— TS6t I nGaAs^r-V yTa7t{4h'-t— 'FItl*! 
*<n=lX 1 0»8cir3eS^Silt:v>&. ^fc. In 
GaAsf-A':^;W«3iai1^I nffl«l4 1 nGaAsl4 
1553%, InAlAsJ4*«;5 2%kInPa«ltlJ 

n G a A s 3 14 1 n ffl^i: 8 0 % k flfetJt^ 

Bc7)^SJ4^<^St)<^<^. i-^^il'iniZiiM^i^M 

T\ I na^80%O^IS*Kff (»2 5 nm) 
[0 02 2]±l2fflR«|jStCtJV^T, InGaAsX'"?. 

— 9-Ji4«J»*lcov^Taift«fc:i)tHW-^. 03 {4:^ 

tePit-tJV^T. I nGaAsX'<.-1^S4Sr)^§4nm 
"Cif AL'/::HEMT<05K7'>y^;W^k 2 D EG<0* 

klW^-&k, I nGaAsX'^— ■9"a4^1fA"fl>'^ 
k {C J: O'^TO^ffiiai^ 2 D E Gc7)ft«t»*>'i^$it. 

S^<05i-^ii<4'v-fn#lB*»^>S5'*»**|6lti^* «^ k 

!|*l*-^.«^2:3S3'tt'&ik*«-C#^^i^, ^'-a:/:^!^ 
J: &m{4« 0 2r^-r ^«i^S«)flE*«|6| 

±-rsClk*qH^S*tS. 5:*5, 2DEGk'5rS«^<^ 
m, -t^i^^^i^-F^^'JTjgJS^I nGaAsX'^- 
-9-«4^1fALTi>(5k^k'^^l:L^vv fc^'L. Vf- 
0 0-^41 nGaAsX'^--9-S4rtfe:t>Si*tfc'^ik 
*>*»S , I n G a A s X^--^m 4 {4f-^ ^^I'B 3 l,Z 
itKX I nffllfc&i^^cV^fci^^lOKtSTHSV^kV^dK 
S*>'*>& , hitifi-oX I n G a A s X^-^MAIfiM't 
rSk I nGAAsX^~^mA{zWtX^^=fifif'< 
^rO. aic^lfti^^fiT-rSiktc^rl., 
[00231 -S-dT, HE MT^^^I&feJifc&iO 
InGaAsX-^-- 9-«4J4. -^-cOlgWS-JaT*^* d t 
ffii^rKHT^e^-r S i o ftS k J: V \ 0 2 {^i^rtlf 
jiWl^tCOV^'r I n G a A s X^—^MA <?5Kff ^ 0 

10 ~8nm*-?^$*fciiCSS-ffl«t, -e*i-e*t*-;w 

fflSfciO^ffl (3G0K) -C2DEGC0^SlS^aiS 
L^::. ^fc. I nGaAsX'<.-lM4k I nGaAs 
3 kcOMS<0^{42 0 nmb—WiZLti, 
04t:lnGaAs ^^^-^^4 <?))8gtdt^-&^ffi 

[0 0 241 H4*»^>S)&'^3&^±3fc- InGaAs 
X-^— 9-1335^0 nm. •f^:i5'^fiaM)Bi<')PseudoiKaT> 
hie HEMT<OJ^J4^]S*«A11500cm2As 
<7)tCjktL, I nGaAsX"^-1?-S4i&4nmtLfclS 
50 ff-C'»4^Jg*n2530crf/Vsk, tt9%|filJi-r*::k*« 
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CD I n G a A s X'^— 1^*4 ^<omi^aataj L*«MH 
(il nGaAsX'<--tW4<^KI5d^4nmeSfc:^ 

[0025] ^ )t. fi!*«Bi<OPSeuda«orphic HEMT 
(Cjf^T. 3|^0rCtiI nGaAs:^'<-ira4S:4 
nmffA-f S;^i'i^JlI*>-^'t I nGaAsf-^ 

^yPJi 3 Sr-C-605J«< LTpyi-Jf 1 6 n mt^LT 10 
04C^J:a{c!^fcl8Ki»l^<^ tjL^[&I±U 

:^&<^:S::i:35^«K3*l**'^ Ji^cOidKI nGa 

G a A sf-^;N;kB3 i&S< i-SCi fc K i OEvvSigag 

[002615:33, I nGa AsX'<.--!f«4<oaB£ 
»±. 02c7)e!l'Ci±I nPfc^S^^-ri>J:3fc:l nAl 

As Y-rm6bimmu^m.^MA.rzi)\ -i^-rtt 

C:<7)jtajSfc|S^-rSt><^T'Ji^<. InGaAsf-^^ 
A-«3<7) I nfflj£J: 0 t>/h$ i 3 tC^^^tf i 30 
<. Stl nGaAsf-+*;l'Jg3<rv<>'F'¥-lr-3' 

ri O^it^ < , ^^-^ I n A 1 A s K-n6<0/<y 

TO*ffliff^«-T^*'t'l!fiJ^^ffl*** S 

^ ^/PSO-IKS: ^'^^ ^ *) t SAiOSV^ I n G a 

[00 2 71 5riJ. 02fc:{±I nPSm^fflV-*!)^?: 40 
S^t^jft*. GaAsfflS±fc«^:i^f^«3a<0fc«>OI 
n G a A s ^l^-r -f y K^"^' v 7 r 1 ( fe^S*"!*!*- 
OV^T. I nGaAscOl na^lrO*»'c>0fa<?5I nil 
j£, giitf5 3%*-C^'?fc:lit'C«9><W§) ^tfrt 

±3*^1 nAl AsA^7rl. I nGaAs^^ 
^Hm. I nGaAsX'^— -^-S. InAlAsX-^— 
-9-1, InAlAsH-r«. I nGaAsdr^r-zTS 

5. 
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[00281 mz. m 1 tCjR-TH EMTlijSttJV^-C, 
H-rS6i:tTAl GaAs^fflV-*, AlGaAs/ 
I nGaAs'^TO«Jif:tfc*?«BII2^lt«tOV^ 

L. I nGaAs*^-^:^/I^«fc. AlGaAstrK- 

GaAsS«l±fc:MBE^T, GaAs>'^«y7rl 
2S:e<tJf 200nm, I nGa As^^:^';H3fc I 

n G a A s x^-^fSA t ^±E^ 1 mmmmhiy^ 

T20nmg«, A 1 GaAsX^— 'TSSSrS nm. 
AlGaAsF-rS6?:40nm, iiXt/Ga.As^ 
^•y-rmiiSnm^ WRjCtga^fitfc. Al 
GaAsF-7-«6. GaAs^^-yrS7fcJ±F-^- 
;pitjjj36Jn = l~2x 1 0i8cir3Slg^$tlt:<'^l>. 
t5t. Al GaAsX'^—VM5 . AlGaAsH— 7" 
Ji6«Aljaji£J±2 2%tfC«<^S. -eLT. I nGa 
Asf-A'JK;Wi3<0I nm»±Wttfl5%, I nGa 
AsX'^.-- 9-B4<7)I nffl«{i7%fctT\-^S. 

[0 0291 i«|ltiS0i<OflB§trt>. InGaAsX'^. 
— ^14<0Ay "y Tli I n G a A s ^-V ^^WJi 3 

J:')t>:^§<. nGaAsX^-irJi4W 

^fc. I nGaAsX'^-1>-Ji4<ir)IS^Ii. H 
[QScotSV'&^Ql 

[011 I nGaAs)l^f-V^;HifcfflV>fc*^tC 
i 6 H E MT<?)BrHflS^t'*S . 
[02 1 *l6HH<OlSll8Slsef»«««aBi^HT^*S. 
[03] 4nmW<7)I nGaAsX'^-lJ-SSrlf AL^ 
HEMT (Igl^tfePI) c7)jKTVi^^;W^i:> 2»56 

[H41 SSlll«iMfc*5(-^T. I nGaAsX'<L— 
cOKg^Sgifek t«2<5iG£m^;y^<^^«<^)SIS« 

[051 *||Bj«m2|litP!k^««flKiS«*Ht'*S. 
[061 ^*lSit<?5PseudoiDorphic HEMTO^Kf-yi^ 
■v^W^fc, 2aC7ca^;yx<O^JS^i-^i:Sr^aiiflf 

[l^^iOiiBBi 

1 ^mi^smL 

3 InGaAs^-V^^H 

4 I nGaAsX-^— 

6 H-TJi 
8 Vly^ynS 

10 y-x^ 
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